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$P(x, \partial_{x}, \eta)\psi=0$ , $(\alpha\in \mathrm{C})$ (1)
. ( $\alpha=i$ )
$P(x, \partial_{x}, \eta)=P(X, \partial x/\eta)$ , Borel $P_{B}(x, \partial_{x}/\partial)y$
$x$ $\zeta=\xi/\eta$ ( $0$ )microdifferential operator
. 3 ([AKTI],
Theorem 14 ) , , $P_{B}$ “new turning
point” . ( )
Stokes geometry
. , $\exp(\partial_{x}^{2}/\eta^{2})-a(x)$
, ( [BB] )
, ,
:
2 $(x=\pm 1)$ ,
Stokes curve . WKB “ ”
.
( 12 7 ) “ ” ,
– .
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. $f(x, \zeta)=0$ $\zeta=f_{n}(x)$ .
$f_{n}(x)=\alpha(2n\pi i+\log(x+\sqrt{x^{2}-1}))^{2}$ $(n\in \mathrm{Z})$ (5)
. , phase $S_{-1}$ . ( $S_{-1}=$ WKB
$\psi_{n}$ )
phase (1) Stokes curve new Stokes curve ,
$=-$ . ,











Stokes curve . $\log(x+\sqrt{x^{2}-1})$
, , $x=1$ (resp. $x=-1$) (resp. )
,
$\sqrt[-]{x^{2}-1}|_{x0}==i$ , $\log(_{X+}\sqrt{x^{2}-1})|_{x=0}=\frac{\pi}{2}i$ , (8)
. $x=1$
(5) $f_{n}$ $f_{-n}$
. $x$ $x=1$ Stokes curve
.
$\propto s\int_{1}^{x}(fn(x)-f-n(x))dX=0$ $(n\geq 1)$ . (9)
(9)
$s^{\infty}|^{x}i\alpha\log(x+\sqrt{x^{2}-1})dx=0$ (10)
. (10) $n$ , $x=1$ Stokes
curve . $f_{n}$ $x=-1$
$f_{-n-1}$ ,
$s^{\infty} \int_{1}^{x}(fn(x)-f_{-}n-1(x))dX=0$ $(n\geq 1)$ (11)
116
$x=-1$ Stokes curve . (11)
$\propto s\int_{-1}^{x_{i\alpha(i\pi+}}-\log(X+\sqrt{x^{2}-1}))dX=0$ (12)
, $x=1$ Stokes curve (12) Stokes
curve .
(10) (12) Stokes curve .
$\alpha=ie^{i\theta\pi}$ (13)
, $\theta$ $0$ 2 0.1 Stokes curve .
117
$\Gamma\mathfrak{U}1\mathrm{c}$ z-/ $\Gamma\mathrm{u}\mathrm{r}\mathrm{e}\Delta-0$ $1^{\eta}$ lgure $\angle^{-}\vee$
118
119
3 New Stokes curves
2 Stokes curve , ,




$P(x, \partial_{x}, \eta)=\cosh(\sqrt{\partial_{x}/i\eta})-x$ (14)
. ( Stokes curve 2-1
)
Stokes curve $x_{0}$ , $x_{1}$ ,
$x_{0}$ new Stokes curve .
, $x=1$ $x_{0}$ Stokes curve
$\Re\int_{1}^{x}(f_{n}(X)-f-n(x))dX>0$ $(n>0)$ (15)
. , Stokes curve $\psi_{n}$ $\psi_{-n}$ dominant
. ( [AKTI] , “$n>-n$” ) $x=$
$-1$ $x_{0}$ Stokes curve
$\Re I_{-}^{(f()-}x_{1})nxf_{-}n.-1(x)d_{X}<0$ $(n\geq 0)$ , (16)
, $”-n-1>n$” . 2 $x=x_{0}$
. . . $>3>-3>2>-2>1>-1>0$ (17)
. ( , 4-4-2 ) Borel
(17) ? WKB $\psi_{n}$ $y=g_{n}(x)$ , $g_{n}(x)= \int^{x}f_{n}(x)d_{X}$,
. $..<\Re g_{3}(X)<\Re g-3(x)<\Re g_{2}(X)<\Re_{g_{-2}}(X)<\Re g_{1}(X)<\Re g_{-1}(X)<\Re g_{0}(x)$ (18)
. $x$ new Stokes
curve .
$s^{\infty} \int_{x_{0}}^{x}(f_{m}(x)-f_{n}(x))dX=0$ $(m, n\in \mathrm{Z}, m\neq-n, m\neq-n-1)$ . (19)
( $m=-n$, $m=-n-1$ , $x=1,$ $x=-1$
Stokes curve ) , (19)




$x_{0}$ new Stokes curve
$x_{1}$ . $k$ new Stokes curve
. $k=100$ .




$k=-2,$ $-3,$ $-4$ new Stokes curve .
flgure $\mathrm{O}^{-}0$ rlgul
$\cdot$c $0-_{l}$ rl $\mathfrak{U}1\mathrm{C}0^{-}0$




$k=-2,$ $-3,$ $\ldots,$ $-6$ new Stokes curve
:
New Stokes curve $-6\leq k\leq 6(k\neq.0, -1)$
:
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$\mathrm{k}=- 6,- 5,$ $\ldots,$ $6$
new turning point . , new
turning point [AKTI] , , (14)
new turning point
$x=\pm\cos w$ ( $w$ $w=\tan w$ ) (21)
. ( new turning point ( $-1\leq x\leq 1$ ,
)
, [AKTI] , new Stokes curve new
turning point .
. new Stokes curve
, new turning point .
124
.
, $x=0$ $x=\pm 1$ Stokes curve
new Stokes curve , new turning





$\alpha=ie^{i\theta\pi}$ $\theta$ $0$ 1.0 0.1 $k=$
1000 new Stokes curve . Stokes curve
new Stokes curve .
$\Gamma\mathrm{u}\mathrm{l}\mathrm{C}$ -\perp o $\Gamma$ Lll $\mathrm{C}$ -\perp q [lgulC $\mathrm{O}^{-}\perp \mathrm{d}$
126
127
4 Steepest descent paths
Laplace ( 1 ) , $x$ \leq Stokes curve
new Stokes curve , , 2
steepest descent path $([\mathrm{A}\mathrm{K}\mathrm{T}2], [\mathrm{T}])$ .







) , $x$ (23)
$\zeta_{n}=i(2n\pi i+\log(x+\sqrt{x^{2}-1}))^{2}$ (25)
( (5) $S_{-1}$ – ) , steepest de-
scent path , 2 3 Stokes curve new Stokes curve
, .
41 $x=1$
, $x$ $x=1$ steepest descent path




$x$ $\zeta_{n}$ $(n=0, \pm 1, \ldots , \pm 3)$ steepest descent path
.
Figure 4-1-al Figure 4-1-a2 Figure 4-1-a3
Figure 4-1-a4 Figure 4-1-a5 Figure 4-1-a6
Figure 4-1-a7 Figure 4-1-a8 Figure 4-1-a9
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Figure 4-1-al0 Figure 4-1-all Figure 4-1-al2
Figure 4-1-al3 Figure 4-1-al4 Figure 4-1-al5
Figure 4-1-al6 Figure 4-1-al7 Figure 4-1-al8
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Figure 4-1-al9 Figure 4-1-a20 Figure 4-1-a2l
$\text{ }\ovalbox{\tt\small REJECT}$
$\zeta 0,\zeta_{\pm 1}$ steepest descent path
steepest descent path .
rlgure $4-\perp- 0\perp$ rlgure $4-1-\mathrm{D}\angle$ $\mathrm{r}$ lgure $+\perp-\mathrm{U}\mathrm{o}$




steepest descent path $\theta=$ 0( $\mathrm{a}1$ $\mathrm{b}1$ ) , $\theta=$
0.6\mbox{\boldmath $\pi$}( $\mathrm{a}7,$ $\mathrm{b}7$) $\theta=$ 0.7\mbox{\boldmath $\pi$}( $\mathrm{a}8,\mathrm{b}8$ ) , $\theta=$ 1.3\mbox{\boldmath $\pi$}\mbox{\boldmath $\pi$}( $\mathrm{a}14,$ $\mathrm{b}14$ ) $\theta=$ 1.4\mbox{\boldmath $\pi$}(
$\mathrm{a}15,$ $\mathrm{b}15)$ , $x$ $x=1$
Stokes curve . Stokes curve $\zeta_{n}$ $\zeta_{-n}$ steepest
descent path , $x=1$ Stokes curve (9)
. , $n$ –
Stokes curve . , , $x=1$
Stokes curve 3 $\psi_{n}$ $\psi_{-n}$ dominant ,
$\mathrm{a}7$ a8( $\mathrm{b}7$ $\mathrm{b}8$ ) Stokes curve $\zeta_{n}$
steepest descent path $\zeta_{-n}$ . , WKB
dominance .
42 $x=-1$
– $x=-1$ . $x$ $x=-1+$
$0.2e^{i\theta\pi}$ ( $\theta$ $0$ 2 0.1 ) .
133
$\mathrm{p}_{1}.\mathrm{g}\mathrm{u}\mathrm{r}\mathrm{e}4-.\Delta-\perp$
$\zeta_{n}(n=0, \pm 1, \ldots, \pm 3, -4)$ steepest descent path .
Figure 4-2-al Figure 4-2-a2 Figure 4-2-a3
Figure 4-2-a4 Figure 4-2-a5 Figure 4-2-a6
134
Figure 4-2-a7 Figure 4-2-a8 Figure 4-2-a9
Figure 4-2-al0 Figure 4-2-all Figure 4-2-al2
Figure 4-2-al3 Figure 4-2-al4 Figure 4-2-al5
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Figure 4-2-al6 Figure 4-2-al7 Figure 4-2-al8
Figure 4-2-al9 Figure 4-2-a20 Figure 4-2-a2l
$\zeta_{0},\zeta\pm 1$ steepest descent path
steepest descent path .
rlgure $4-\angle-01$ rlgure $4-\angle-0\angle$ rlgure $4-\angle- \mathrm{D}\delta$
136
$\Gamma \mathrm{l}\mathrm{g}\mathrm{u}\mathrm{r}\mathrm{e}4^{-}\angle-04$ $\Gamma$ lgurc $\angle\neq-\angle^{-}\mathrm{u}_{\dot{\mathrm{t}}}$ ) rlgure 4-z-ot)
$\Gamma 1\mathrm{g}\mathrm{U}\mathrm{l}\mathrm{C}^{l}4-\Delta^{-}\mathrm{U}$ ’ $\Gamma$ lgurc $l\neq- z- \mathrm{u}\mathrm{o}$ rlgure $+\angle-0y$
rlgulC $4-\Delta-_{\mathrm{U}1}\cup$ $\Gamma \mathrm{l}\mathrm{g}\mathrm{t}\mathrm{l}\mathrm{l}\cdot \mathrm{e}\angle\neq-\angle-\mathrm{u}\perp 1$ rlgure $4-\angle^{-}\mathrm{D}1z$
137
4.1 steepest descent path $x$ $x=-1$
Stokes curve . $x=-1$ Stokes curve
(11) , Stokes curve $\zeta_{n}$ $\zeta_{-n-1}$ steepest
descent path . , $n$ –




$x=t+0.2i$ ( , $-1.5\leq t\leq 1.5$ 0.1 ) .
$\zeta_{n}(n=0, \pm 1, \ldots, \pm 3)$ steepest descent path .
Figure 4-3-al Figure 4-3-a2 Figure 4-3-a3
Figure 4-3-a4 Figure 4-3-a5 Figure 4-3-a6
139
Figure 4-3-a7 Figure 4-3-a8 Figure 4-3-a9
Figure 4-3-al0 Figure 4-3-all Figure 4-3-al2
Figure 4-3-al3 Figure 4-3-al4 Figure 4-3-al5
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Figure 4-3-al6 Figure 4-3-al7 Figure 4-3-al8
Figure 4-3-al9 Figure 4-3-a20 Figure 4-3-a2l
Figure 4-3-a22 Figure 4-3-a23 Figure 4-3-a24
141
Figure 4-3-a25 Figure 4-3-a26 Figure 4-3-a27
Figure 4-3-a26 Figure 4-3-a27 Figure 4-3-a28
Figure 4-3-a29
$\zeta_{0},\zeta_{\pm 1}$ steepest descent path
steepest descent path .
142
Figure 4-3-bl Figure 4-3-b2 Figure 4-3-b3
Figure 4-3-b4 Figure 4-3-b5 Figure 4-3-b6
Figure 4-3-b7 Figure 4-3-b8 Figure 4-3-b9
143
Figure 4-3-bl0 Figure 4-3-bll Figure 4-3-bl2
Figure 4-3-bl3 Figure 4-3-bl4 Figure 4-3-bl5
Figure 4-3-bl6 Figure 4-3-bl7 Figure 4-3-bl8
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Figure 4-3-bl9 Figure 4-3-b20 Figure 4-3-b2l
rlgure $4-\delta^{-}0^{-}\angle^{-}\angle$ $\mathrm{F}$ lgure $4^{-\overline{s}-}\mathrm{D}\Delta\sim s$ Flgure $4-s-\mathfrak{h}24$
145
$\Gamma$ lgure $4-\delta^{-}0\angle 0$ $\Gamma \mathrm{l}\mathrm{g}\mathrm{u}\mathrm{r}\mathrm{e}$ 4-s-Oz $l$ $\mathrm{r}$ lgure $+0-ozo$
steepest descent path , $\mathrm{a}6$
$\mathrm{a}8$ ( $\mathrm{b}6$ $\mathrm{b}8$ ) , $\mathrm{a}24$ $\mathrm{a}25$ (
$\mathrm{b}24$ $\mathrm{b}25$ ) . , $x=-1$
Stokes curve, , $x=1$ Stokes curve . ( ,
, steepest descent path 4.1 , 42
)
steepest descent path . ,
new Stokes curve ( 3-12 ) Stokes geometry
.
44 Stokes curve $x=x_{0}$
Stokes curve $x=x_{0}$ steepest descent path




, $\zeta_{n}(n=0, \pm 1, \ldots, \pm 3)$ .
Figure 4-4-al Figure 4-4-a2 Figure 4-4-a3
Figure 4-4-a4 Figure 4-4-a5 Figure 4-4-a6
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Figure 4-4-a7 Figure 4-4-a8 Figure 4-4-a9
Figure 4-4-al0 Figure 4-4-all Figure 4-4-al2
Figure 4-4-al3 Figure 4-4-al4 Figure 4-4-al5
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Figure 4-4-al6 Figure 4-4-al7 Figure 4-4-al8
Figure 4-4-al9 Figure 4-4-a20 Figure 4-4-a2l
, $x_{0}$ , $\theta$ 1 2 , steepest descent
path . $\mathrm{a}13$ $\mathrm{a}15$ , a17
$\mathrm{a}19$ 2 $t$ .
, $x=-1$ Stokes curve, $x=1$ Stokes curve
. new Stokes curve steepest descent path
. 43 .
, $\theta$ $0$ 1 , , $x$ new Stokes curve
steepest descent path . ,
$\text{ }.x=-1$ Stokes curve $\mathrm{a}3$ $\mathrm{a}5$ , $x=1$
Stokes curve $\mathrm{a}7$ $\mathrm{a}9$ ,
. , new Stokes curve $\mathrm{a}5$ $\mathrm{a}7$
( $\mathrm{b}5$ $\mathrm{b}7$ ) ,
. , $x=x_{0}+0.2e^{i\theta\pi}$ ( $\text{ }\theta$ 0.25 0.5 0.01 )
$\zeta_{n}(n=-3, -2, -1, \mathrm{o}, 1,2)$ . (
$\zeta_{n}(n=-3, -2, -1, \mathrm{o}, 1,2)$ steepest descent path
. )
149
Figure 4-4-bl Figure 4-4-b2 Figure 4-4-b3
Figure 4-4-b4 Figure 4-4-b5 Figure 4-4-b6
Figure 4-4-b7 Figure 4-4-b8 Figure 4-4-b9
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Figure 4-4-bl0 Figure 4-4-bll Figure 4-4-bl2
Figure 4-4-bl3 Figure 4-4-bl4 Figure 4-4-bl5
Figure 4-4-bl6 Figure 4-4-bl7 Figure 4-4-bl8
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Figure 4-4-bl9 Figure 4-4-b20 Figure 4-4-b2l
Figure 4-4-b22 Figure 4-4-b23 Figure 4-4-b24




. , $\mathrm{b}5$ $\mathrm{b}7$ ( $\mathrm{c}5$
$\mathrm{c}7$ ) steepest descent path .
, , $x=-1$ Stokes curve . (4.2
. )
155
steepest descent path $\mathrm{b}17$ $\mathrm{b}19$ ( $\mathrm{c}17$ $\mathrm{c}19$
) . New Stokes curve $\theta$ ,
$s^{\infty} \int_{x0}^{x}(f_{n}(X)-f-n-2(_{X}))dx=0$ (26)
new Stokes curve . , $\zeta_{n}$ $\zeta_{-n-2}$
steepest descent path . b21
$\mathrm{b}22$ ( $\mathrm{c}21$ $\mathrm{c}22$ ) ,
$\propto s\int_{x_{0}}^{x}(fn(X)-f-n-3(_{X}))dx=0$ (27)
new Stokes curve . $\zeta_{n}$ $\zeta_{-n-3}$ steep-
est descent path .
, ,
$s^{\infty} \int_{x_{0}}^{x}(fn(x)-f_{-}n-k(x))dX=0$ $(k=4,5, \ldots)$ (28)
new Stokes curve
. , $\zeta_{-k}$ steepest descent path
, (28) new Stokes curve $\zeta_{0}$
. ( , $\zeta_{n}$ $\zeta_{-n-k}$ $n$ – steepest descent path
. )
3 , new Stokes curve (28) $k$
. , $k$
. – , – $n$ WKB $\psi_{n}$ , $x_{0}$
dominance (17) , (new)
Stokes curve $\psi_{n}$ Stokes ( new Stokes curve
$\psi_{n}$ subdominant). , steepest descent path , $\zeta_{n}$
steepest descent path , (new) Stokes curve
. ( , steepest descent path $\zeta_{n}$
, $\zeta_{n}$ path . ) , $x$
b26( $\mathrm{c}26$ ) , .
$x=x_{0}$ steepest descent path .
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4.5 $-$ $x=x_{1}$
, Stokes curve $x=x_{1}$ .
$x=x_{1}+0.2e^{i\theta\pi}$ ( $\theta$ $0$ 2 0.1 ) $x$ .
$p$ lgure 4-0-1
, $\zeta_{n}(n=0, \pm 1, \ldots, \pm 3)$ steepest descent path .
Figure 4-5-al Figure 4-5-a2 Figure 4-5-a3
157
Figure 4-5-a4 Figure 4-5-a5 Figure 4-5-a6
Figure 4-5-a7 Flgure $4- i$) $- \mathrm{a}8$ Plgure $\mathfrak{l}-\text{ ^{}-}\mathrm{a}\approx\ovalbox{\tt\small REJECT}$
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rlgure $\angle\pm- \mathrm{O}^{- \mathrm{a}\perp 0}$ $E$ lgure q-o-al/ Plgure+0-a\perp o
Figure 4-5-al9 Figure 4-5-a20 Figure 4-5-a2l
44 , $x_{1}$ , new Stokes curve ,
$x=\pm 1$ Stokes curve , steepest descent path
.
, new Stokes curve ,
$x=x_{1}$ +0.2e2\theta \mbox{\boldmath $\pi$}( $\theta$ 125 15 0.01 ) $\zeta_{n}$
159
$(n=-3, -2, -1, \mathrm{o}, 1,2)$ .
Figure 4-5-bl Figure 4-5-b2 Figure 4-5-b3
Figure 4-5-b4 Figure 4-5-b5 Figure 4-5-b6
Figure 4-5-b7 Figure 4-5-b8 Figure 4-5-b9
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Figure 4-5-bl0 Figure 4-5-bll Figure 4-5-bl2
Figure 4-5-bl3 Figure 4-5-bl4 Figure 4-5-bl5
Figure 4-5-bl6 Figure 4-5-bl7 Figure 4-5-bl8
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Figure 4-5-bl9 Figure 4-5-b20 Figure 4-5-b2l
Figure 4-5-b22 Figure 4-5-b23 Figure 4-5-b24
$\mathrm{b}5$ $\mathrm{b}7$ , $x=1$ Stokes curve
. $\mathrm{b}17$ $\mathrm{b}19$ , $\mathrm{b}21$ $\mathrm{b}22$
$\propto s\int_{x0}^{x}(f_{n}(x)-f-n+k(x))dX=0$ $(k\geq 1)$ (29)
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$k=1$ $k=2$ new Stokes curve , steepest descent
path . , $k$
new Stokes curve (29) , $\zeta 0$ steepest descent
path , $\zeta_{k}$
. ( $\zeta_{n}$ $\zeta_{-n+k}$ $n$ – steepest descent pat
. )
: , Stokes curve $x=x_{1}$ ,
new Stokes curve steepest descent path .
, 44 $x=x_{0}$
, , $\zeta_{0}$ steepest descent path ,
. ($x$ $\mathrm{b}26$ 44 4-4-b26( , 4-4-c26)
. 45 44
) , WKB $\psi_{0}$ , Stokes
.
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